Introduction
The use of neuronal cultures coupled to Micro-Electrode Array (MEA) is becoming a widely used and recognized experimental model for studying basic properties of information processing in neuronal systems [1] . However, the electrophysiological activity of such large-scale neuronal networks is recorded only by tens/hundreds microelectrodes. This undersampling results in a lack of information. Thus the development of a new simulation environment, able to reproduce the electrophysiological behavior typically found in these preparations, offers promise in better understanding the actual dynamics. In this work, we present the main features of our software, showing the simulation results of the spontaneous and evoked activity of a highly-connected network.
Methods
The simulation environment is developed in C#, the last generation object-oriented language by Microsoft. The choice of this language is a good tradeoff between our needs of high performance and speed in algorithm implementation. The software was designed to support easily further neural network models, so that it will be possible to use the more suitable model according to the desired physiological accuracy and computational efficiency. The user is able to define the initial topology of a network (e.g., random, small-world, scale-free, etc.) by changing several parameters that modify the probability to have a link between two neurons. It is also possible to define different stimulation points in the network in order to simulate the evoked activity. Finally, the user can also take advantage of a detailed visual representation of the simulated electrophysiological activity (raster plots, membrane potential levels, etc.) and of the connectivity of the network (links, false color map of the synaptic weights, etc.). 
Results
We simulated a neuronal network model made up of 1024 point neurons, each modeled according to the Izhikevich equations [2] . In particular, we considered two different types of neuron to model excitatory and inhibitory populations of neurons, respectively: the former belongs to the family of regular spiking neurons while the latter to the family of fast spiking neurons. To preserve some characteristics of the structure of in vitro cortical neurons, we set the ratio between excitatory and inhibitory neurons to 4:1. [1] We first simulated the spontaneous activity observing the typical behavior found experimentally: a mix of spiking and bursting activity (Figure 1e ). In addition, we also simulated the evoked activity elicited by a low frequency electrical stimulation (0.2 Hz), finding that the high network connectivity produces a synchronized and distributed response that involves almost all the neurons.
Conclusion
In this work we presented a new simulation environment, designed as a support tool for electrophysiological experiments with neuronal cultures coupled to MEA. The main strengths of this simulator are the efficient visualization of the neural activity and the possibility to define different connectivity rules and stimulation points.
Our preliminary simulations show that we are able to reproduce both the spontaneous and evoked activity.
